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(54) Hemostatfc wound dressing and tabric containing aldehydMT^ 



(57) The present invention is directed to hemostatic 
wound dressings containing a fabric made from blooom> 
patible. aldehyde-modified polysaccharide fibers; and a 
porous, polymeric matrix made from a biocompatible, 
water-soluble orwater-sweliable polymer, dispersed at 



least partially through the fabric, to methods of making 
such wound dressings and to methods of providing he- 
mostasis to a wound. 
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Descilption 

FIELD OF THE iNVENTION 

5 (0001] The present inventton relates to hemostatic wound dressings 0^ 

an aWehyde-modified polysaccharide, e.g. aWehyde-modffied regenerated cellulose, and a porous water^ubte or 
water-swellable polymeric matrix, to a process of maldng such fetmcs and wound dres^ngs. and to a method of pro- 
viding hemoslasts to a wound. 

10 BACKGROUND OF THE INVENTION 

[0002] The control of bleeding is essential and critical In surgical procedures to minimize Wood loss, to reduce post- 
surgical complications, and to shorten the duration of the surgery in the operating room. Cellulose that has been oxidized 
to contain carboxylic add moieties, i.e. oxidized cellulose (OC) due to its biodegradable, bactericidal, and hemostatic 
IS properties, has long been used as a topical hemostatic wound dressing in a variety of surgical procedures. Including 
neurosurgery, abdominal surgery, cardiovascular surgery, thoracic surgery, head and neck surgery, pelvte surgery, and 
skin and subcutaneous tissue procedures. 

[0003] The use of oxidized cellulose as a hemostat was first described by Virginia Franz In 1944. Cuffently available 
oxidized cellulose hemostats are knitted or non-woven fabrics comprising carboxylic oxidized cellulose. Oxidized re- 

20 generated cellulose (ORC) is carboxylio-oxidlzed cellutose comprising reactive cartMxyllc add groups. Examples of 
ORC absorbable hemostats oommerdaily available indude Surgicel® absorbable hemostat. a knitted fabric of ORC; 
Surgicel Nu-Knit(& absorbable hemostat, a dense ORC fabric; and Surgical® Fibrillar absortwble hemostat; all available 
from Johnson & Johnson Wound Management Wortdwide. a division of Ethlcon, Inc., Somervnie, New Jersey, a John- 
son & Johnson Company. Other examples of commerdal absorbable hemostats containing oxWized cellutose indude 

25 Oxycel® absorbable cellulose surgical dressing from Becton Dickinson and company. Morris Plains, New Jersey. 
[0004] Conventional oxidized cellulose (OC) and oxidized regenerated cellutose (ORC) hemostats noted above are 
knitted, woven or non-woven fabrics comprising carboxylic add groups, as noted above. However, the add-based 
ORC and OC. due to their addic pH. also rapkJIy denature add-sensitlve, hemostatic proteins, Induding thrombin or 
fibrinogen, on contact Thus, it is most problematic to use the OC or ORC as a canier for add-sensldve spedes, such 

30 as thrombin and fibrinogen, as well as other add-sensitive bfologics and phannaceutScal agents. In addition to issues 
concerning compatibility of conventional OC and ORC with •add-sensitive" spedes. e.g. proteins, doigs, etc.. while 
the absoriwncy of body fluid and the hemostatic action of such cunrently available oxidized cellulose hemostats are 
sklequate fbr appUcatkms where miW to nuxieFate bleeding is encountered, they are not known to be effective to prevent 
or stop severe bleeding of high volume and high blood flow rate where a relatively high volume of blood is lost at a 

35 relatively high rate, nor are they known to achieve rapid hemostasls. In such Instances, e.g. arterial puncture, liver 
resection, blunt liver trauma. Wunt spleen trauma, aortic aneurysm, bleeding from patients with over-anticoagulatton, 
or patients with coagulopathies, such as hemophilia, etc. . a higher degree of hemostasls is required quickly. In an effort 
to achieve enhanced hemostatic properties, btood-dotting agents, such as thrombin, fibrin and fibrinogen have been 
combined with other cantors or substrates for such agents, induding gelatin-based carriers and a odiagen matrix. 

40 [0005] Hemostatic wound dressings containing neutralized OC and protein-based hemostatic agents, such as 
thrombin, fibrinogen and fibrin are known. Neutralized OC is prepared by treating the OC with a water or alcohol sdution 
of a basic salt of a weak organic add to etevate the pH of the OC to between 5 and 8 by neutralizing the add groups 
on the OC prior to addition of thrombin in order to make it thrombin-compatible. White such neutralized OC may be 
thrombin compatibte. it is no tonger bacteriddal. as the antl-microblal activity of the OC Is due to its addic nature. 

45 [OOOq Hemostatto agents such as tlwombin, fibrinogen or fibrin. If not eflieclively bound chemically or physic^ to 
the substrate, may be rinsed away by blood at a wound site. The unbound agent may migrate into the blood stream, 
which is undesired.Methods of produdng highly oxidized tri-cart)oxylic add derivatives of cellulose as hemostatic ma- 
terials, involving two-stage oxidation by successive processing with an iodine-containing compound and nitrogen ox- 
ides, has been disclosed in RU2146264 and INI 59322. As disclosed in these disdosures, oxidized cellulosic materials 

50 were prepared by preliminary oxidation with metaperiodate or periodic add to yield periodate-oxWi^, dialdehyde 
cellulose to fbim the intemnediate fbr fomung OC. The diatoehyde cellutose intemnedlate then is further oxidized by 
NO2 to yteld the OC. which then Is used as a hemostatic, antl-microblal and wound-healing agent It would be advan- 
tageous to provide a hemostatic wound dressing that not only provides hemostasis and anti-microbial properties similar 
to conventional OC-containing hemostatic wound dressings, but that also is compatible with "add-sensitive" spedes. 

55 [0007] It also would be advantageous to provide an anti-microbial hemostatic wound dressing tiiat not only exhibits 
improved hemostasls over conventional wound dressings, but tiiat does so without ttie risk of hemostatic agents mi- 
grating into the btood stream. 

{OOOq The present invention provides such a wound dressing that not only provides hemostatic and anti-microbial 
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properties equivalent to or better than conventional OC-based hemostatic vmind (dressings, but that also Is compatible 
with "add-sensitive" species. 

SUMMARY OF THE IIWENTION 

5 

[0009] The present invention is direrted to hemostatic wound dressings that contain a fabria The fabric has a first 
wound-contacting surface and a second suifece opposing the wound-contacting surface. The fabric comprises fibers 
and has flexibility, strength and porosity effective for use as a hemostat. The fibers are prepared from a biooompati We, 
aldehyde-modified polysaccharide. The wound dressing also contains a porous, polymeric matrix applied at least to 
10 the wound-contacfing surface of and preferably dispersed at least partially through the fabria The porous, polymeric 
matrix comprises a biocompatible, water-soluble or water-swelldble polymer. The Invention also Is directed to methods 
of making such wound dressings and to methods of providing hemostasis to a wound that Includes applying the wound 
dressing of the present invention to a wound. 

15 BRIEF DESCRIPTION OF THE RGURES 

[0010] 

Figure 1 is an image produced by scanning electron microscopy (X75) of a cross section of a comparative wound 
20 dressing ORG fabria 

Figure 2 is an image produced by scanning electron microscopy (X75) of the wound-oontact surface of a compar- 
ative wound dressing ORG fabria 

Figure 3 is an Image produced by scanning electron microscopy p(75) of a cross section of a fabric according to 
the present invention. 

25 Figure 4 is an image produced by scanning electron microscopy (X75) of the wound-contect surface of a fabric 
according to the present invention. 

Figure 5 is an image produced by scanning electron microscopy {X75) of a cross-section of a wound dressing of 
the present Invention. 

Figure 6 Is an Image produced by scanning electron microscopy (X75) of the wound-contect surface of a wound 
so dressing of the present invention. 

Figure 7 Is an image produced by scanning electron microscopy (X75) of the top surface of a wound dressing of 
the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

35 

I(M)1 1] The present Invention is directed to fabrics and henrastatic wound dressings fabricated at least in part from 
such fabrics, and to methods of malting and using the wound dressings. 

[0012] Wound dressings of the present Invention comprise a fabric that comprises fibers prepared from a biocom- 
patible, aldehyde-modified polysaccharide, preferably a biodegradable, polysaccharide. The fabric includes a first 
40 wound-contacting surface, and a second surface opposing the first surface. The fabric preferably possesses physical 
properties suitable for use as a hemostet. Including flexibility, strength and porosity. 

[0013] The wound dressing ftjrther includes a porous, biocompatible, water-sohiWe or water-swelteble polymeric 
matrix applied to the first surface of and dispersed at least partially through the fabric. In certain embodiments, the 
polymeric matrix will be dispersed substentially homogenously through the fabric. 

45 [0014] In certain embodiments of the invention, the wound dressings will further include a hemostatic agent. The 
agent may be bound within the polymeric matrix, as well as to the first fabric surface and/or within the fabria The agents 
may be bound by chemical or physical means, provided that they are bound sudi that they do not migrate from the 
wound dressing upon contact with blood In the body. As with the polymeric matrix, the hemostatic agent may be dis- 
persed partially or homogenously ttirough the fabric and/or the polymeric matrix. Preferably, the hemostatic agent Is 

50 present In amounts effective to provide the wound dressings with the ability to provide and maintain efl^ective hemoslatis 
when applied to a wound in need of hemostasis. 

[0015] The hemostatic wound dressings of the present invention provide and maintain effective hemostasis when 
applied to a wound requiring hemostasis. Effective henwstesis, as used herein, is the ability to control and/or abate 
capillary, venous, or arteriole bleeding within an effective time, as recognized by those skilled In the art of hernostesis. 
55 Further Indications of effective hemostasis may be provided by governmental regulatory standards and ttie Uke. 

[0016] The hemostatic dressings of the present invention are particulariy useful when conventional procedures to 
control and/or abate bleeding, such as pressure or suturing, are eittier Ineffective or impractical. In addition, the he- 
mostatic wound dressings of the present Invention may be used with hemostatic agente. or ottiar biological or ttiera- 
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peutic compounds, moieties or spedes. that are •acW-sensitive". meaning that they may t» degraded or denatured 
by. or othewrtse detrimentally affected by acidic pH. such as Is provided by conventional OC hemostatic wound dress- 
Ings. 

fOOITl In certain embodiments of the invention, the fabrics utOized in the present invention may be knitted, woven 
5 or non-woven, provided that the fabric possesses the physical properties adequate for wound dressings, in general, 
and preferabiy for hemostatic wound dressings. A preferred woven fabric has dense and knitted structure that provides 
form and shape for the hemostatic wound dressing. Fabrics oxidized by periodic add or Its setts described in the present 
Inventkm are expected to retain physical properties ar«i mechanical integrity required for use in wound dressings. 
Fabrics useful In hemostatk: wound dressings according to the present Invention indude fabrics comprising the aide- 
10 hyde-modlfied polysaccharides of the present invention and being of the stnjcture described In United States Patent 
Number 4.626.253, the contents of which Is hereby Incorporated by reference herein as if set forth in Its entirety. 
[001 8] In certain embodiments of the Invention, the hemostatic wound dressing of the present Inventton comprise a 
warp knitted tricot fabric constnjcted of bright rayon yam that has been oxWIzed by periodic add or Its salts such that 
the comprises aldehyde moieties. Both Scanning Electron Microscopic (SEM) images and fabric mechanical properties 
15 indicate that the physical characteristics (density, thickness) and physical perfomiance. e.g. fabric tensile strength and 
Mullen burst strength, of the aWehyde-^nodified regenerated cellulose fabric used In the present invention are compa- 
rable to those of the fabric disdosed in United States Patent 4,626.253. 

10019] The hemostatic dressing of the presentinventionremalns very flexible, oonfdnnstoa bleeding site, and retains 
good tensile and compressive sbength to withstand handling during application. The aWehyde-modified regenerated 
20 ceilutose fabric and wound dressings can be cut into different sizes and shapes to fit the surgical needs. It can be rolled 
up or packed into inregular anatomic areas. 

[0020] Other warp knit tricot fabric constructions that produce equivalent physteal properties may. of course, be 
utilized In the manufacture of the aldehyde-modified regenerated cellutose hemostatic wound dressings of the present 
invention. Such constructions will be apparent to those skilled in the art once having the benefit of this disdosure. 

25 [0021] Fabrics utilized in wound dressings of the present invention comprise a blooompatlbte. aWehyde-nwdlfied 
pdysaccharide. In prefen-ed wound dressings, the polysaccharide will contain an amount of aldehyde moieties effective 
to render the modified polysaccharide biodegradable, meaning that the polysaccharide is degradable by the body into 
components that either are resortjable by the body, or that can be passed readily by the body. More partlculariy, the 
biodegraded components do not eltolt pennanent chronte foreign body reaction because they are absort)ed by the 

30 body, such that no permanent trace or residual of the component Is retained at the Implantatton site. 

[0022] AWehyde-modified polysaccharides used in the present Inventton indude. without limifation, cellulose, cellu- 
lose derivatives, e.g. alkyi cellulose, for instance methyl cellulose, hydroxyalkyl cellulose, alkylhydroxyalkyi cellulose. 
ceUulose sulfate, salts of cartwxymethyl c^lutose. cartwicymethyl cellulose and cartroxyethyl cellulose, chltin. car- 
boxymethyl chltin, hyaluronfo add. salts of hyaluronic add. alginate, alglnic add. propylene glycol alginate, glycogen. 

35 dextran. dextran sulfate, curdlan. pectin, pullulan. xanthan. chondroltin. chondroltin sulfates, cartwxymethyl dextran. 
cartwxymethyl chltosan. heparin, heparin sulfate, heparan, heparan sulfate, dermatan sulfate, keratin sulfate, cana- 
geenans. chitosan, ^ch. amylose, amylopectin. poly-N-glucosamine. pdymannuronicadd. pdyglucuronlcadd. poly- 
guluronic add and derivatives of the above. In preferred embodiments, the polysaccharide Is oxidized as described 
herein to assure that the aldehyde-modified pdysaccharide Is biodegradable. 

40 [0023] Blodegiable, aldehydennnodlfied. regenerated polysaccharides used In the present invention may be repre- 
sented by Structure I befow. 
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Where x and y represent mole percent, x plus y equals 100 percent x is from about 95 to about 5. 
20 y is from about 5 to about 95; and 

R may be CHjOR^, COOR4. sulphonic acid, or phosphonic add; R3 and R4 may be H. alkyl, aiyl, alkoxy or aryloxy. 
and Ri and Rj may be H. alkyl. aryl. alkoxy, aiyloxy. sulphonyl or phosphoryt. 

[00241 In preferred embodiments of the present Inventton. the fabric is prepared from a biocompatible, biodegradable, 
aldehyde-modified, regenerated polysaccharide. Regenerated cellute>se is preferred due to its higher degree of uni- 
25 tbrmlty versus cellulose that has not been regenerated. Regenerated cellutose Is described In, for instance. United 
States Patent 3.364.200. the contents of which is hereby Incorporated by reference as if set forth in Its entirety. 
[0025] In particular, preferred aWehyde^nodified regenerated cellulose used In the present invention comprises re- 
peating units of Structure It betow: 



30 




X+y = 100% 



where x and y represent mole percent, x plus y equals 100 percent, x Is from about 95 to about 5, 
y is from about 5 to about 95; R is CHjOH. and R^ and R2 are H. 
so [0026] In certain embodiments of the present invention, x is from about 90 to about 10 and y is about 10 to about 
90. Preferably, x is from about 80 to about 20 and y is from about 20 to about 80. Even more preferably, x is from about 
70 to about 30. Most preferably, x Is about 70 and y Is about 30. 

[0027] The fabric and hemostatic wound dressings of the present invention also piovkJe anti-mteroblal activity due 
to the presence of effective amounts of the aldehyde moieties. It has been shown that in spite of being essentially free 
55 of acidic groups, the aldehyde-modified regenerated cellulose is anti-microbial in nature, meaning that the fabric and 
dressing substantially inhibit colonization of certain microorganisms on or near the fabric and dressing. The hemostats 
of the present Invention were found to be significantly effective against microofganlsms, such as Methicillln-reslstant 
Stapt^lococcus aureus (MRSA) and Pseudomonas aeruginosa, etc. The anti-mlcroblal activity of the non-acidic, al- 
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d^yde-modified reganerated celMose is shown to be compar^e to thalof the addic, carboxyf lc oxidized re^erated 
cellulose (ORC) conventionaRy used. However, the aldehyde-modified regenerated cellulose utilized in the present 
invention is expected to retain its anti-niicrobial activity over a longer period of time, whfle conventional ORC loses its 
anti-mfaobial activity over a period of time as the acid groups are neutralized in the t)ody. 

5 (C0281 In preferred emkwdiments of the Invention, the aWehyde-modifled regenerated polysaccharide, e.g. cellulose, 
is essentially free of functional or reactive moieties other than aldehyde moieties. By essentially free, it is meant that 
ttie polysaccharide does not contain such functional or reactive moieties in amounts effective to alter the properties of 
the aldehyde-modified polysaccharide or to provide ttte fabric comprising the polysaccharide with a pH of less ttian 
about 4.5, more preferably less ttian about 5, or greater tiian about 9, preferably about 9.5. Such moieties Include. 

10 wHhout limitation, caritoxyllc add moieties typically present in wound dressings made from OC. Excess levels of car- 
boxyUc acid moieties will lower the pH of the fabrics and dressings so that they are not compatible for use with those 
add sensitive species that may be degraded or denatured by such a low pH, e.g. thrombin. Other mc^es essentially 
exduded include, witiiout limitation, sulfonyl or phosphonyl moieties. 

[0029] The fabric used In ttie present Invention exhibits increased tiiermal stability compared to those of ttie carboxylic 

15 oxidized regenerated ceUulose fabric (ORC) or neutralized ORC. 

[0030] The wound dres^g of the present invention comprise a porous, polymeric matrix. A preferred nwttiod of 
making ttie ponws, polymeric matix is to contact the fabric with an appropriate amount of a solution of a water-soluble 
or water-sweHable polymer in an appropriate solvent ttierefbre. thereby dispersing ttie dissolved polynrwr on the wound- 
contacting surface of and at least partially ttirough tite fabric, flash-freeze tiie polymer and fabric, ttwreby immobilizing 

20 the polymeric matrix, and ttwn remove tt)e solvent from the frozen stmcture under vacuum. Through tills preferred 
tyophlHzation metiiod. a fabric comprising a matrix of ttie water-soluble or water-swellaWe polymer having mlaoporous 
or nanoporous structure is obtained. The lyophHization condition is important to ttie novel porous stiucture in order to 
create a large surface area In the hemostat witti which body fluids can interact 

[0031] The features of such microporous staicture can be controlled to suit a desired application by choosing ttie 

25 conditions to fom> tiie composite hemostat during lyophHization. To maximize the surface area of ttie porous matrix 
according to ttie present invention, a preferred mettiod Is to qulcWy freeze ttie fabric/polymer construct at lower ttian 
(y*C, preferably at about -60*»C, and to remove ttie solvent under high vacuum. The porous matrix produced tiiereby 
provides a terge fluid absorbing capacity to ttie hwnostetic wound dressing. When ttie hemostatic wound dressing 
comes into contact witti body fluid, a very farge surface area of polymer is exposed to ttie fluid instantiy. The hydration 

30 force of ttie fabric and subsequent fomriation of a tecky gelatinous layer helps to create an adhesive interaction between 
ttie wound dressing and ttie bleeding site. The microporous stmcture of ttie polymeric matrix also allows blood to 
quicWy pass ttirough ttie fabric surface before the hydration takes place. The fomtation of a gelatinous sheet on aide- 
hyde-modlfied cellulose fabric upon btood contact will enhance ttie sealing property of ttie water-soluWe gelatinous 
layer, which Is critical to fast hemostasis for surgical bleeding. 

35 [0032] The wound dressing comprises ttie polymeric matrix dispersed on and wittiln ttie fabric In an amount effective 
to provide and maintain effective hemostasis in cases of surgical bleeding. If ttie ratio of polymer to fabric is too tow. 
ttie polymer does not provide an effective seal to physically block ttie bleeding. If ttie ratio is too high, ttie composKe 
hemostat wound dressing will be too stiff or too brittle to conform to wound tissue in surgical applications. Such an 
excessive ratio will also prevent ttie btood from quickly passing ttirough the matrix to ttie fabric surface to fomi the 

40 getatinous teyer ttiat is critical for enhandng ttie seaflng property. A prefened weight ratio of polymer to fabric Is fiwi 
about 1 :99 to about 15:85. A more preferred weight ratio of polymer to fabric Is from about 3:97 to about 10:90, 
[0033] In certain embodiments of ttie present invention, ttie porous, polymeric matrix is dispersed substantially ho- 
mogeneously on at least ttie wound-contacting surface of ttie fabric and ttirough ttie fabric. In such cases, tiie fabric 
may be emeised in ttie polymer solution to provide homogeneous distribution ttiroughout the fabric prior to lyophillza- 

45 tion. In ottier embodimente, it may be prefeired ttiat only the wound-contact surface of ttie hemostat sticks well to wet 
surfaces, while ttie physician handling side, or top surface of ttie fabric, does not In such cases, ttie fabric may be 
partially emersed in ttie polymer solution so as to provide polymer at least on ttie wound-contact surface of ttie fabric. 
In ttils way. a gradient of polymer in ttie fabric Is provided, whereby ttie fabric will comprise an effective amount of ttie 
lyophilized polymer adjacent tfie wound-contacting area, while ttie top surface of ttie fabric comprises little or no dls- 

50 persed polymer and maintains ease of handling for ttie physician. 

[0034] The polymer used in ttie porous mattix of ttie present invention is a btooompatible. water-soluble or water- 
swellable polymer. The water-soluble or water-swellaWe polymer rapidly absori^s blood or ottier body flukJs and Ibmns 
a tecky or sticky gel adhered to tissue when placed in contact ttierewltti. The fluid-absorbing polymer, when In a dry 
or concentrated state, interacte wltti body fluid ttirough a hydration process. Once applied In a bleeding site, tiie polymer 

55 interacts witti ttie water component in ttie blood via ttie hydration process. The hydration force provides an adhesive 
interaction ttiat aMs ttie hemostat adhere to ttie bleeding site. The adhesion creates a sealing layer between ttie he- 
mostatic dressing and ttie bleeding site to stop ttie Uood fh>w. 

(003^ Polymere useful In polymeric matrices used in wound dressings of ttie present invention indude. wittiout 
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Dictation, pdysaccharides. pofyacrylic adds, poJymethacrytic adds, pofyamiftas. polyimines, polyamkJes. polyesters, 
polyethers, polynudeotides. polynudeic adds. poJypepUdes. proteins, poly (alkylene oxides), polythtoestefs, poly- 
thioethers, polyvinyls, polynners oompnsing lipids and denvatives of the atK>ve. 

[mq In preferred embodiments, the polyrror oomprfses a water-solutrfe or water-swe«at)te polysaccharide, pref- 

5 erabfy selected from the group consisting of cellulose, cellulose derivatives, e.g. alkyi cellulose, (or Instance methyl 
cellulose, hydroxyaikyl cellulose. alkylMroxyalkyl cellulose, cellulose sulfeto. salts of cartwxymethyl cellutose, car- 
Ijoxymethyi cellulose and cartjoxyethyl cellulose, chitin. caitoxymethyl chrtin. hyaluronic add. salts of hyaluronic add. 
alginate, alglnicadd. propylene glycol alginate, glycogen, dextran, dexlran sulfate, curdlan, pectin, pullulan. xanthan, 
chondroftin, chondroitin sulfates, cartwxymethyl dextran, carboxymethyl chitosan. heparin, heparin sulfate, heparan, 

10 heparan sulfete, dermatan sul^e, keratin sulfate, carrageenans, chitosan, starch, amytose, amylopectin, poly^N-glu* 
cosamlne. polymannuronte add, polyglucuronic add, polyguluronic add and derivatives of the above. Most preferred 
are sodium carboxymethyt cellutose. methyl cellulose. hydroxyethylceUulose and their aldehyde modified derivatives. 
[0037] Water-soluble or water-swellatrfe polymers used in other embodiments of the present invention where add- 
sensitive agents may be utilized preferably comprise a non-addic. water-soluble or water-swellable polysaccharide. 

15 preferably selected from the group conslsting of methyl cellulose, hydroxyalkyi cellutose. water-soluble chitosan. salts 
of carbo)^methyl cellutose, carboxyethyl celluiose, chitin. salts of hyaluronte add. alginate, propylene glycol alginate, 
glycogen, dextran. carrageenans. chitosan. starch, amytose. poly-N-glucosamine and aldehyde modified derivatives 
of the above. Wtost preferred are sodium cartwxymethyl cellutose. methyl cellutose. hydroxyethylceUulose and deriv- 
atives of the above, induding atoehyde*modifted derivatives. 

20 [0038] In certain embodiments of the Inventton, a btotogics. a drug, a hemostatic agent, a phannaceutical agent, or 
comWnatfons thereof, that olhenwise may be sensitive to the tow pH of conventional OC-contalning wound dressings, 
may be Incorporated into wound dressings of the present inventton without having to adjust pH prior to incorporation 
Into the dressing. To fabricate such a hemostatic wound dressing, a dnig or agent may be dissolved In an appropriate 
solvent. The fabric may then be coated with the drug solution and the solvent removed. Prefened biotogics, drugs and 

2S agent Indude analgesics, antMnfective agents, antibiotics, adhesion preventive agents, pro-coagulants, and wound 
healing growth factors. 

[0039] As noted above, wound dressings of the present inventton provide rapid hemostasis and maintain effective 
hemostasis in cases of severe bleeding. Examptos of severe bleeding indude, without iimitatton. arterial puncture, liver 
resection, blunt liver trauma. Wunt spleen trauma, aortic aneurysm, bleeding from patients with over-antlcoagulalton, 

30 or bleeding from patients with coagulopathies, such as hemophilia. Hemostatic agents that may be used In wound 
dressings according to the present invention indude. without limitation, procoagulant ertzymes. proteins and peptides, 
can be naturally occurring, recombinant, or synthetic, and may be selected from the group consisting of prothrombin, 
thrombin, fibrinogen, fibrin, fibronectin, heparfnase, Factor X/Xa, Fador Vll/Vlla. Factor IX/lXa, Factor Xl/Xla. Factor 
Xll/Xlla, tissue fact<^. batiuxobin, ancrod, ecarin. von Willebrand Factor, collagen, elastin, albumin, gelatin, platelet 

35 surface glycoproteins, vasopressin and vasopressin analogs, epinephrine, setectin, procoagulant venom, plasminogen 
activator inhibitor, platelet activating agents, synthetic peptWes having hemostatto activity, derivatives of the ak)0ve and 
any combination thereof. Preferred hemostatic agents used in the present invention are thrombin, fibrinogen and fitMin. 
[00^] Protein-based hemostatic agents, such as thrombin, fibrin or fibrinogen, if bound to the wound dressing, can 
enhance me hemostatic property of aWehyde-modified regenerated cellulose wound dressings and reduce the risk of 

40 thrombosis caused by free hemostatic agante migrating into the btood stream. Hemostatto agents may be bound to 
the wound dressings either by chemical of physical means. Agents may be covalently conjugated with aWehyde groups 
pendant from the polysaccharide In one instance, thus chemically binding the agent to the wound dressing, f^referabty, 
the hemostatic agents are physically bound to the wound dressing via incorporation into the polymeric matrix dl^sersed 
on and through the aldehydennodified polysaccharide fabric and immobilized, i.e. bound, via lyophilizatlon. 

45 [0041] The hemostatic wound dressing of the present Invention comprises hemostatic agents, induding but not lim- 
ited to thrombin, fibrinogen or fibrin, in an amount effective to provide rapid hemostasis and maintain effective hemos- 
tasis In cases of severe bleeding, ff the concentratton of the hemostatic agent in the wound dressing is too low. the 
hemostatic agent does not provide an effective proagulant activity to promote rapid dot formatton upon contact with 
blood or blood plasn^a. A preferred concentration range of thrombin in the wound dressing is from about 0.001 to about 

so 1 percent by weight A more prefen^ concentratton of thrombin in the wound dressing is from about 0.01 to about 0.1 
percent by weight A preferred concentratton range of fibrinogen in the wound dressing is from about 0.1 to about 50 
percent by weight A more preferred concentration of flbrino^ In the wound dressing Is from about 2.5 to about 10 
by weight A prefened concentration range of fibrin in the wound dressing is frwn about 0.1 to about 50 percent by 
weight. A more prefenred concentratton of fibrin in the wound dressing is from about 2.5 to about 10 by weight. 

55 [0042] In certain embodiments, fabrics used in wound dressings of the present Invention may comprise covalently 
conjugated there with a hemostatic agent t)earing an aldehyde reactive moiety. In such embodiments, the aldehyde 
moiety of aldehyde-modified tegenerated polysaccharide can readily react with the amine groups present on the amino 
add side chains or N-tenmincd restoues of thrombin, fibrinogen or fibrin, resulting In fonning a cor\iugate of the hemo- 
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static agent with the aidehyde-modtfled regenerated polysaccharide covalentty linked by a reversible imine bond. The 
imine bonded aldehyde-modified regenerated potysaccharide/heniostatic agent conjugate may then be further reacted 
with a reducing ^ent such as sodium bofohydride or sodium cyanoborohydride to form an irreversible secondary 
amme linkage. In such en^xxltments of the invention, the hemostatk: agent is dispersed at least on the wound-con- 
tacting sur^ of the tebric. and in^ferably at least partially tttfough the fiibric structure, bound reversibty or inreversiblly 
to the aldehyde-modified polysacchande. 

[0043] Oxkiation of 2, 3- vidnaJ hydroxy! groups in a carbohydrate with perkxfic acW (or any alkaii metal salt thereof) 
forms a di-aldehyde or di-akJehyde derivatives. These akiehyde moieties(-RCH(0)) can then readily react with a pri- 
mary amine moiety (-NH2). such as are present on the amino acid side chains or N-tenninal residues of proteins, 
resulting in an equilibrium with the reaction product, a protein and cart»hydrate cor4ugate. oovalentty linked by a 
relatively unstable and reversible imine nralety (-N-CHR). To stabilize the linkage between the btomolecute and the 
substrate surface, subsequent reductive alkylatkm of the imine moiety is carried out using reducing agents (i-e.. sta- 
bilizing agents) such as, for example, sodium borohydrkle, sodium cyanoborohydride, and amine boranes. to form a 
secondary amine (-NH-CH2-R). 

[0044] The features of such hemostatk: stents corijugated with the aMehyde-modified regenerated oeRutose wound 
dressing can be controlled to suit a desired appltoation by choosing the concKtkm to form the composite hemostat 
during conjugatton. 

[0045] In such embodiments of the present inventkw), the henrK)statlc agent, such as thrombin, fibrinogen or fibrin, 
is dispersed 8ul>$tantially honrK)geneously through the wound dressing fabric. In such cases, akiehyde-modified re- 
generated cellulose fabrk: may be immersed in the solution of thrombin, fibrinogen or fibrin to provide homogeneous 
distributkm throughout the wound dressing. 

[0046] In certain embodiments of the lnventk>n. the thrombin conjugate of akiehyde-modified regenerated oeilutose 
fabric is further reacted with reducing agents such as sodium borohydride or sodium cyanoborohydride to form a sec- 
ondary amine linkage. The aidehyde-modified regenerated cellulose fabric can be soaked with the desired amount of 
aqueous solutk)n of thrombin, then reacted with aqueous solution of sodium borohydride or sodium cyanoborohydride 
reconstituted in phosphate buffer (PH=8) prior to lyophillzation. 

[0047] The reduced form of the aldehyde-modified regenerated cellutose-thrombin corijugate is more stable due to 
the nature of the secondary amine linkage. Hemostatk; wound dressings of this embodiment have enhanced hemostatic 
properties, as well as increased stability, and can provMe rapkl hemostasis without causing thrombin to migrate Into 
the blood stream and cause severe thrombosis. 

[0048] In preferred embodiments of the present invention, the hemostatic agent such as thrombin, fibrinogen, or 
fibrin Is constituted In an aqueous solution of a non-acidic, water-soluble or water-swellable polymer, as described 
herein above, Including but not limited to methyl celhjkise. hydroxyatkyi ceilutose, water*®oluble cNtosan. salts of car- 
boxymethyl caritoxyethyi cellulose, chitin. salts of hyaluronic add. alginate, propylene ^ycol alginate, glycogen, dex- 
tran, carrageenans, chitosan. starch, amytose. poly-N-glucosamlne, and the aldehyde-modified derivatives thereof. 
The aldehyde-modified regenerated oelluk>se fabric can be soaked with the desired amount of aqueous solution of 
hemostatic agent and the water-soluble or water-swellable polymer and rapkl ly lyophilized using known methods that 
retain therapeutic activity. When constnjcted thusly. the hemostatic agent will be substahtlaliy homogenously dispersed 
through the polymeric matrix formed during lyophilizatran. 

[0049] One skilled in the art, onoe having the benefit of this disdosure. will be able to select the appropriate hemostetic 
agent, water-soluble or water-swellable polymer and solvent therefore, and levels of use of both the polymer and 
hemostatic agent, depending on the particular drcumstences and properties required of the particular wound dressing. 
[0050] The present invention is best exemplified in the figures prepared by scanning electron microscope. The sam- 
ples were prepared by cutting Icm^ sectkms by using a razor. Micrographs of both top surface and wound-contecting 
surfaces and cross-secttons were prepared and mounted on carbon stubs using carison paint The samples were goM- 
sputtered and examined by scanning electron microscopy (SEM) under high vacuum at 4KV. 
[0051] Conventional fabrics and fabrics according to the present Inventton are represented In Figures 1-4. 
[0052] Figure 1 1s a cross-section view (75X) of uncoated ORG fibers 12 organized as fiber bundles 14 and knitted 
into fabric 10 according to processes used conventkmaliy to prepare such comparative fabrics. One comnrnrdal ex- 
ample of such a fabric is Surgteel Nu-Knit® absorbable hemostatic wound dressing. 

[0053] Figure 2 is a view of the wound-contect surface of the fabric of Rgure 1 . Individual fibers 12 are shown within 
a bundle. 

[0054] Figure 3 is a cross-section view (75X) of uncoated Aldehyde-Modified Regenerated Celluk>se (AMRC) fibers 
12 organized as fiber bundles 14 and knitted into fabric 10 according to prefen^ embodiments of the invention dis- 
cussed herein atmve. 

[0055] Rgure4isa viewofthewound-contectsurfaceofthe AMRCfabricof rtgure3. Individual fibers 12areshown 
within a bundle. 

[0056] Hemostetic wound dressings according to the present invention are represented in Figures 5-7. 
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[00571 AsshownrnFigurB5,aporous,potyTnerrnatnxjssubste^ 

32 and throughout fabric 30. Polymer 36 forms a porous polymer matrix integrated with the knitted fibers 33. The 
porous, polymer matrix exhibits significant Hquid absorption properties from capiilary action In the same manner as a 
sponge. 

5 [0058] As shown In Figures 6 and 7. the polymer niatrix disposed on the relative surface 

ranging from about ten microns to as large as about 400 microns in diameter, or greater. Figure 6 shows wound-contact 
surface 32 of fabric 30. As wrted. polymer 36 is presert in the form of a porous ma 

ample polymer surface area with which body fluids can interact upon contact therewith. Top surface 34 shown in Figure 
7 also contains polymer 36 In the forni of a porous matrbc dispersed about fibers 33. thereby generating a sponge^ike 

10 polymer matrbc structure in concert with the fibers. 

[0059] It is dear from Figures 5-7 that fabrics and wound dressings of the present Invention contain a porous poly- 
meric matrix dispersed on the vround-contact surface and substantially homogeneously through the fabric. Due to the 
porous nature of the matrix, body fluWs are penmitted to pass into the matrix, where ample surface area of polymer is 
present to interact with the body fluids. This results In faster and a higher degree of hemostasis. 

IS [0080] It is dear hemostatic fabrics according to the present invention set forth in Rgures 3-4 are of comparable 
oonstnjction. appearance and size compared to oonventfonal hemostatic fabrics shown in Figures 1-2. 
[0061] While the foilowing examples demonstrate certain embodiments of the invention, tiiey are not to be interpreted 
as limiting the scope of the Invention, but rather as contributing to a complete description of the invention. Treatment 
times and temperatures for reactions in the examples below tend to be inversely related. Higher temperatures require 

20 relatively shorter treatment times. The limltatkms of the time and temperature are governed by the effect on the Wo- 
toglcal stability of the hemostatto agents. 

Example 1: 

25 Preparatton of knitted aWehyde-modified regenerated (AMRC) cellulose fabric: 

[0082] A 15.8 g piece of Nu-Knit® rayon fabric was cut in the fbnn of a strip 1 .5 inches wide. The strip was wound 
on a mandrel and suspended In 600 ml of aqueous Isopropyl alcohol (IPA) (200 ml IPA/400 ml de-fonized (Df ) water). 
20.8 g of sodium periodate (AkJrich. Milwaukee, 53201) was dissoh«d In the solution (1 :1 molar ratio) and the mandrel 

30 was rotated at moderate rpm in the solutton for 21 houre at ambient temperature. It is essential that the oxWatton of 
the fabric be conducted In the dartc. The solution pH was 3.8. The solution was discarded after the reaction. The mandrel 
with the oxkJized fabric was washed for 30 minutes in 1 liter of cold Dl water containing 50 ml of ethylene glycol. It was 
then washed with aqueous IPA (50/60) for 16 minutes, followed by a pure IPA wash fbr 16 minutes. The fabric was 
dried in ambient air fbr several houre. 

35 [0063] The oxWteed fabric then was evaluated for hemostasis as set forth betow. Results are provided in Table 1 . 

Example 2: 

Preparation of water-soluble aldehyde-modified methylcellutose: 

40 

[0064] 100 g of a 5% methylceHulose (MC. Ave, Mn 63kD, lot# 06827ES ftom AWrich. Milwaukee. Wl) aqueous 
solution was combined with 3 g of periodic add (AkJrich. Milwaukee, 53201 ) and was then stlned for 5 hours at ambient 
temperature in the darit. 1 .5 ml of ethylene glycol was added to the reaction solutk)n and stinred for 30 minutes. 2000 
ml of acetone were added slowly into the reacOon solution to predpitate the aldehyde-modified methylcellutose (AM- 
45 MC). The reaction mixture was altowed to stand for 20-30 minutes to separate the UquW phase from the solid phase. 
The supematent then was removed and the solid phase centrifuged to predpitate the solids. The solid predpitate was 
dissoh^ed in 100 ml 01 over night followed by dialysis for 72 hours. The final wet mbcture was lyophOized to fonn a 
sponge/foam. 

so Example 3: 

Preparation of water-soluble aldehydennodlfied hydroxyethyl cellulose: 

[0065] 100 g of a 5% hydroxyethyl cellulose (HEC, Ave. Mv; 720kD k>t # 02808DU from Aldrich. Milwaukee. Wl) 
55 aqueous solutton was combined with 3 g of periodic add (AWrich, Milwaukee, 53201 ) and was then stinred for 5 hours 
at ambient temperature in the dartc. 1.5 ml off ethylene glycol was added to the reaction solution and stinred for 30 
minutes. 2000 ml of aoetone were added skiwly into the reaction solution to predpitete the aWehyde-modified hydrox- 
yethyl oellutose. The reaotton mbcture was allowed to stand for 20-30 minutes to separate the fiquW phase from the 
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sofid phase. Ihe supernatant then was removed and the soTid phase cenlrifuged to predpitate the solids. The solid 
precipitate was dissolved in 1 00 ml Dl over night followed by dialysis for 72 hours. The final wet mixture was lyophUized 
to fomn a sponge/foam. 

5 Example 4: 

Aldehyde-modified regenerated cellulose (AMRCyHEC porous patch preparation: 

[00601 One gram of hydraxyethyl cellulose (HEC. Lot # GiOl from TCI. Tokyo. Japan) was dissolved in 99 grams of 
10 deionized water. After complete dissolution of the polymer. 10 grams of the HEC solution was transferred into a crys- 
tallization dish with a diameter of 1 0 cm, A piece of AMRC faMc (about 1 .3 gram) was placed on the HEC soiution in 
the crystalilzaton dish. After soaking the fabric in the sdutton for 3 minutes, the wet fabric in the dish was iyophllized 
overnight A very flexible patch was fwmed. The patch was further dried at room temperature under vacuum. 
10007] The AMRC/HEC patch then was ev^ated for hemostasia as set forth betow. Results are provided in Table 1 . 

15 

Exampte 5: 

AMRC/CS porous patch preparatton 

20 [0068] One gram of cellulose sulfate (CS, lot # A013801301 from ACROS Organics. New Jersey) was dissolved In 
99 grams of detonlzed water. After complete dissolution of the polymer. 10 grams of the CS solution was transferred 
into a crystallization dish with a diameter of 10 cm. A piece of AMRC fabric (about 1.3 gram) ¥vas placed on the CS 
solutfon In the crystanization dish. After soaking the fabric for 3 minutes, the wet fabric was Iyophllized overnight A 
very flexible patch vizs formed. The patch was further dried at room temperature ufKfar vacuum. 

25 [0069] The AMRC/CS patch then was evaluated for hemostasls as set forth befow. Results are provided In Table 1 . 

Example 6: 

AMROMC porous patch preparatk»i 

30 

[0070] One gram of methyl celiutose (MC, Ave. Mn 63kD, tot# 06827ES from Aldrich. Milwaukee, Wl) was dissolved 
in 99 grams of dekjnized water. After complete dissolution of the polymer. 10 grams of the MC solutkm was transfered 
into a crystollizatlon dish with a diameter of 10 cm. A piece of AMRC fabric (about 1.3 gram) was placed on the MC 
solution in the crystefiization dish. After soaking the fabric for 3 minutes, the wet fabric In the dish was Iyophllized 
35 overnight A very flexible patch was fomied. The patch was farther dried at room temperature under vacuum. 

[0071] The AMRC/MC patch then was evaluated for hemostasls as set forth below. Results are provided In Table 1 . 

Example 7: 

40 AMRC/CMC-Na porous patch preparation 

[00721 One gram of sodium salt of cariroxymethyl cellulose (CMC-Na, Type: 7M8SF Lot#: 77521 from Aqualon. 
WImington. DE) was dissolved In 99 grams of deionized water. After complete dissolution of the polymer. 10 grams of 
the Na-CMC solutkwi was transfen-ed into a crystallization dish with a diameter of 1 0 cm. A piece of AMRC fabric (about 
45 1 .3 grem) was placed on the CMC solutfon in the crystallization dish. After soaking the fabric for 3 minutes, the wet 
fabric in the dish was Iyophllized overnight A very flexible patch was fbnned. The patch was farther dried at room 
temperature under vacuum. 

[0073] The AMRC/CMC-Na patch then was evaluated for hemostasls as set forth below. Results are provided in 
Table 1. 

50 

Example 8: 

AMRC/CMC-Na porous patch preparation 

55 [0074] One gram of sodium salt of cartjoxymethyi cellulose (CMC-Na. Type: 7H4F Lot#: 79673 from Aquaton. Wilm- 
ington, OE) was dissolved in 99 grams of dewnized water. After complete dissolution of the polymer, 10 grams of the 
Na-CMC solution was transferred into a crystallization dish with a dian^ter of 10 cm. A piece of AMRC fabric (about 
1.3 gram) was pteced on the CMC soUrtfon in the ciystaliizatton dish. Alter soaking the fabric for 3 minutes, the wet 
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fabric in the dish was then lyophilized overnight A very flexitrfe patch was formed. The patch was further dried at room 
temperature under vacuum. 

[00751 The AMRC/CMC-Na patch then was evaluated for hemostasis as set forth below. Results are provided in 
Table 1. 

5 

Example 9: 

AMRC/HEC porous patch preparation: 

10 (0076] One gram of hydroxyethyl ceUutose (HEC, Ave. Mr. 720kD Irt # 028080U from Aldrich. Milwaukee. Wl) was 
dissolved in 99 grams of deionized water. After complete dissolution of the polymer. 10 grants of the HEC solution was 
transfenBd into a crystallization dish with a diameter of 10 cm. A piece of AMRC fabric (about 1.3 gram) was placed 
on the HEC solution in the cryst^izatlon dish. After soaidng the fabric In the solution for 3 minutes, the wet fabric In 
the dish was lyojrfillized overnight. A very flexible patch was formed. The patch was further dried at room temperature 

*s under vacuum. 

[0077] The AMRC/HEC patch then was evaluated for hemostasis as set forth below. Results are provided In Table 1 . 

Example 10: 

20 AMRC/HEC/Thiombin porous patch preparation 

[0070] One gram of hydroxyethyl cellulose (HEC. Ave. Mv; 720kD lot # 02808DU from Aldrich. f^Ailwaukee. Wl) was 
dissolved m 99 grams of dekxilzed water. After complete dlssohitfon of the pdymer, 20 ml of the MC solution was used 
to reconstitute thrombin In a vial (20.000 units). 2.5 ml of the cloudy solutton was transferred into a crystallization dish. 
25 A piece of AMRC fabric (about 1 gram) was placed on the HEC solution In the crystallization dish. After soaking the 
fabric in the solution for 3 minutes, the wet fabric in the dish was lyophilized overnight. A very flexible patch was formed. 
The patch was further dried at room temperature under vacuum. 

[0079] The AMRC/HEC/Thrombir^ porous patch then was evaluated for hemostasis as set forth betow. faults are 
provided in Table 1. 

30 

Example 11: 

AMRC/MC/Thrombin porous patch preparation 

35 [0080] One gram of methyl cellutose (MC. Ave. Mn 63kD. lot# 06827ES from AWrich) was dissolved in 99 grams of 
deionized water. After complete dissolution of the polymer, 20 ml of the MC solutton was used to reconstitute throfT*in 
in a vial (20.000 units). 2.5 ml of the cloudy solutton was transferred Into a crystallization dish. A piece of AMRC fabric 
(about 1 gram) was placed on the MC solutton In the crystalllzatton dish. After soaking the fabric in the solution for 3 
minutes, the wet fabric In tiie dish was lyophilized overnight A very flexible patch was fanned. The patch was furtt^er 

40 dried at room temperature under vacuum. 

[OOai] The AMRC/MCmirombin porous patch ttien was evaluated f6r henrK>stasis as set forth below. Results are 
provided in Table 1. 

Example 12: 

45 

AMRC/AMMC/ThrombIn porous patch preparation: 

[0082] One gram of aldehyde-modified methyl cellulose (AMMC) from Example 2 was dissolved In 99 grams off 
deionized water. After complete dissolution of the polymer. 20 ml of tiie AMMC solution was used to reconstitute 
so ttirombin in a vial (20.000 units). 2.5 ml of the doudy solution was transferred into a crystallization dish. A piece of 
AMRC fabric (about 1 gram) was placed on the AMMC solution In tiie crystallization dish. After soaking the fabric in 
the solution for 3 minutes, the wet fabric In the dish was lyophilized overnight A very flexible patch was fonmed. The 
patch was fuither dried at room temperature under vacuum. 

55 
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Example 13: 

AMRC/AMHEC/Thrombin porous patch pteparation: 

5 [0083] One gram of aWehyde-modlfied hydroxyethyl cellulose (AMHEC)(MW=SOkD.from Aldrich) synthesized as 
perexample 3 was dissolved In 99 grams of delonized water. After complete dissolution of the polymer, 20 ml of the 
AMHEC solution was used to reconstitute thrombin in a vial (20.000 units). 2.5 ml of the doudy solution was transfenred 
into a ciystallization dish. A piece of AMRC fabric (about 1 gram) was placed on the AMHEC solution in the crystaffizatton 
dish. After soaking the fabric in the solutton for 3 minutes, the wet fabric in the dish was lyophilized overnight A very 

to flexible patch was fomied. The patch was further dried at room temperature under vacuum. 

[0084] The AMRC/AMHECmirombIn porous patch then was evaluated for hemostasis as set forth below. Results 
are provided in Table 1 . 

Exainptel4: 

15 

-^Hemostatic perfomnanoe of different materials in porcine splenic Incision model 

[0085] A porcine spleen incision model was used for hemostasis evaluation of different materials. The materials were 
cut into 2.5 cm X 1 .5 cm rectangles. A Unear tndslon of 1 .5 cm with a depth of 0.3 cm was made with a surgical blade 
20 on a pordne spleen. After application of the test article, digital tamponade was applied to the indston for 2 minutes. 
The hemostasis was then evaluated. Additional applk»ttons of digital tamponade for 30 seconds each time were used 
untH complete hemostasis was achieved. Fabrics fciiUng to provide hemostasis within 12 minutes were considered to 
be failures. Table 1 lists the results of the evaluation. 

25 Example 15: 

Hemostatic perfomiance of different materials In a pordne splente indsion model with tamponade for 30 seconds 

[0086] A pordne spleen incision model was used for hemostasis evaiuatton of different materials. The materials were 
30 cut into 2.5 cm X 1 .5 cm rectangles. A linear indsion of 1 .5 cm with a depth of 0.3 cm was made with a surgical blade 
on pordne spleen. After applicatfon of the test article, digital tamponade vras applied to the indsion for 30 seconds. 
The hemostasis evaluation was then performed . Additronai applications of digital tamponade for 30 seconds each time 
were used until complete hemostasis was achieved. Tabte 1 liste the resutts of the evaiuatton. 



Tat)le1 



Hemostatic performance of Aldehyde-Modified Regenerated Cellulose (AMRC) Based-Materials 




2 min tamponade 


30 second tamponade 


Sample 


Time to Hemostasis (Seconds) 


Time to Hemostasis (Seconds) 


Example 1 


187(n=11) 




Example 4 


370 (n=2) 
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308 (n=2) 
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285 (n=1) 
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582 (n=2) 




Example 8 


120 (n=^3) 


230 (n=2) 
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47 {n=3) 


Surgical gauze Negative Control 


>720 


>720 



[0087] As indicated from the resulte, wound dressings of the present Invention achieve effective hemostasis. In par- 
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tioilar, when higher nwlecularweigWwater-sdubtepotyme 

es achieved better time to hemostasis. Also as mdicated from the results, wound dressings of the present Invention 
having hemostatic agents, e,g. thrombin, bound there to achieve even faster time to hemoslasis. 



Claims 

1. A hemostatic wound dressing, comprising: 

a fabric said fabric comprising a first wound-contacting surface and a second surface opposing said wound- 
contacting surface, said fabric comprising fibers and having flexibinty. slrengtti and porosity effective for use 
as a hemostat said fibers comprising a biocompatiWe. aldehyde^odified polysaccharide; and 
a porous, polymeric matrix appUed to said wound-contacting surfiace and dispersed at least partlatly through 
said fabric, said porous polymeric matrix comprising a biocompatible, water-soluble or water-swellaWe poly- 
mer. 

wherein said wound dressing is hemostatic. 

2. The wound dressing of daim 1 wherein said aldehyde-modified polysaccharide is selected from the group con- 
sisting of cellulose, cellulose derivatives, chitin, cartxMcymetiiyl chitin. hyaluronic add, salts of hyaluronic add. 
alginate, a^nlc add, propylene glycol alginate, glycogen, dextran. dextran sulfate, curdian. pectin, pullulan. xan- 
ttwin. chondfoitin. chondroWn sulfates, cartroxymethyl dextran, cariEwxymethyl chitosan. heparin, heparin sulfate, 
heparan, heparan sulfate, dermafan sulfate, keratin sulfate, carrageenans, chitosan, starch, amylose. amylopectin, 
poly-N^ucosamine, po^mannuronlc add, polyglucuronic add, polyguluronic add and derivatives of ttie above. 

3. The wound dressing of daim 2 wherein said aldehyde-modified polysaccharide comprises an amount of aldehyde 
effective to render ttie polysaccharide biodegradable. 

4. The wound dressing of daim 3 wherein said aldehyde-modified polysaccharide is selected from the group con- 
sisting of starch, dextran, pectin, alginate, diitin. chitosan. glycogen, amylose. amylopecBn. ceitulose and cellulose 
derivatives thereof. 

5. The wound dressing of daim 4 wherein said aWehyde-modified polysaocaride comprises aldehyde-modified re- 
generated polysaccharide. 

6. The wound dressing of claim 6 wherein said aldehyde-modified polysaccharide comprises aldehyde-modified re- 
generated cellulose comprising repeating units of structure II, 




II 



wherein x plus y equals 100 percent, x ranges from about 95 to about 5 percent, and 
y ranges ftom about 5 to about 95 percent and R is CH2OH, and andRaareH. 
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7. The wound dressing of daim 1 wherein said aldehyde-modified polysacxharide is essentially free of cartx»yfic acid. 

8. The wound dressing of daim 6 wherein said aidehyde*modHied celiulose is essentially free of cartwxylic add. 

9. The wound dressing of daim 1 further comprising a herno^tic agent. 

10. The wound dressing of daim 9 wherein said hemostatic a^t is synthetic. recoml)lnant or naturally occuning. 

11. The wound dressing of daim 10 wherein said hemostatic agent is selecled from the grxwp consisting prothromW^^ 
thrombin, filmnogen, fitirin, fibronectin, heparlnase. Factor XOCa, Factor VIIA^Ia, Factor IX/IXa, Factor Xl/Xla. Fac- 
tor Xlt/Xtla. tissue factor, batroxot>in, ancrod. ecarin, von Wiiletwand Factor, collagen, elastin, albumin, ^atin, 
platelet surface glycoproteins, vasopressin, vasopressin analogs, epinephrine, setedm, procoagulant venom, plas- 
minogen activator inhibitor, platelet activating agents and synttietic peptides having hemostatic activity and deriv- 
atives of the above. 

12. The wound dressing of daim 11 comprising from about 0.001 to about 50 percent by weight of said hemostatic 
agent 

13. The wound dressing of daim 8 wherein said water-soluble or water-swellatrie polymer is seleded from the group 
const^ng of non-addic methyl cellulose, hydroxyaJIcyl cellulose, water-soluble chitosan. salts of carboxymethyl 
carboxyethyl cellulose, chitin, salts of hyaluronic add. alginate, propylene glycol alginate, glycogen, dextran. car- 
rageenans. chitosan, starch, amylose, poly-N-gtuoosamine and derivatives of ttie above and the aldehyde-modified 
derivatives thereof, said wound dressing comprising from about 0.001 to about 50 percent by weight of said he- 
mostatic agent selected from the group consisting of thrombin, fibrin and fibrinogen. 

14. ThewounddrBsdngofdaim13oomprisingfinomabout0.001 toabouti percentthrombl^ 

15. The wound dressing of daim 13 comprising from about 0.1 to about 50 percent by weight of fibrinogen as the 
hemostatic agent 

15- The wound dressing of daim 13 comprising from about 0.1 to about 50 percent by weight of fibrin as the hemostatic 
agent 

17. The wound dressing of daim 9 comprising said hemostatic agent dispersed at least partially through said porous, 
polymeric matrix. 

18. The wound dressing of daim 9 comprising said hemostatic agent dispersed substantially honK)genousiy ttvough 
said porous, polymeric matrix. 

19. The wound dressing of daim 9 wherein said first wound-contacting surface of said febric comprises said hemostatic 
agent. 

20. The wound <fressing of daim 9 comprising said hemostatic agent dispersed substantially homogenously through 
said fabric. 

21. The wound dressing of daim 9 wherein said hemostatic agent Is dispersed at least partially through said fabric. 

22. The wound dressing of daim 1 wherein said water-soluble or water-swellable polymer is selected from the group 
consisting of polysaccharides, poiyacryiic adds, pdymethacrylic adds, polyamines. polyimines. polyamides, pol- 
yesters, polyetiiers. polynudeotides, polynudeic adds, polypeptides, proteins, pdy (altcyiene oxides), poly- 
tiiioesters, polyttiioettiers, polyvinyls and polymers con^ir^ng lipids. 

23. The wound dressing of daim 22 wherein said water-soluble or water-swellable polymer is a polysaccharide. 

24. The wound dressing of daim 22 wherein said polysaccharide is selected from the group consisting of cellulose, 
cellulose derivatives, chitin, carboxymethyl chitin, hyaluronic add. salts of hyaluronic add. alginate, alginic add, 
propylene glycol alginate, glycogen, dextran, dextran sulfate, curdlan. pectin, puliulan. xanthan. chondroltin. chorv 
droltin sutfotes, carboxymettiyl dextran, carboxymettiyl chitosan, heparin, heparin sut^, heparan, heparan $ul- 
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fete, dennatan sulfate, keratin sulfate, carrageenans. chitosan. starch, amytose, amylopectin. poly-N-gJucosamine, 
polymannuronic add. polygluouronic actd. polyguhironic add and derivatives of ttte atwve. 

25. The wound dressing of dalm 1 wherein said porous polymeric matrix comprises lyophilized sodium cartxxxymethyl 
s cellulose. 

26. The wound dressing of daim 25 wherein the weight ratio of said lyophiUzed sodium cart)oxymethyl cellulose to 
said fabric is from at)out 1 :99 to about 20:80. 

10 27. The vraund dressing of daim 1 wherein said porous polymeric matrix is dispersed substantially homogeneously 
through said fabria 

28. The wound dressing of dalm 1 wherein said porous polymeric matrix is dispersed throu^ said fabric in a gradient, 
whereby the concentration of the water-soluble or water-swallable polymer adjacent said first wound-contacting 

IS surface is greater than the concentration of the water^uble or water^wellable polymer adjacent said second 
opposing surface. 

29. A fabric, comprising: 

20 a first surface and a second surface opposing said first surface, said fabric ccmiprising fibers comprising a 

bk)compatlble. aldehyde-modified polysaccharide. 

30. The fabric of daim 29 wherein said fabric is hemosfatic. 

25 31, Thefabricofdaim30whereinsaldfiberscompriseaWehyde-rnodifiedregeneratedpolysacc^ 

polymeric matrix comprises a lyophilized polysaccharide selected from the group consisting of cellulose, cellulose 
derivatives, chitin, cart>oxymethy) chltin. hyaluronic add, salts of hyaluronic add. alginate, alginic add. propylene 
glycol alginate, glycogen, dextran. dextran sulfate, curdlan, pectin, pullulan. xanthan. chondroitin, chondroitin sul- 
fates, cariwjxymethyl dextran. carboxymethyl chitosan. heparin, heparin sulfate, heparan, heparan sulfate, derma- 

30 tan sulfate, keratin sulfate, carrageenans. chitosan, starch, amylose, amylopectin. poly-N^lucosamine. polyman- 
nuronic add, polyglucuronic add. polygukjronic add and derivatives of the above. 

32. The f^c of dalm 29 wherein sM fabric is essentially fm of carboxylic add. 
36 33. The fabric of dalm 29 further comprising a hemosfatic agent 

34. The fabric of daim 30 further comprising a hemosfatic agent. 

35. A process for making a wound dressing: comprising, 

40 providing a solution having substantially dissoh^ed therein a water-^uble or water-swellable bk)compatible 

polymer. 

providing a fabric having a top surface and a bottom surface opposing sakl top surface, said fabric comprising 
fibers and having ftexrbiKty. strength and porosity effective for use as a hemostet said fibers comprising an alde- 
hyde-modified polysaccharide, 

45 contacting said solution with saM fabric under conditkxis effective to distribute said solution through said 

fabric, 

lyophiliring sakl fabric having saM sokJtk)n distributed there through, thereby provkling a porous, polymeric 
matrix comprising sakJ wafar-soluble or water-swellable polymer dispersed through said fabric 

so 36. The process of daim 35 wherein said fabric is knitted. 

37. The process of daim 36 wherein saM fibers comprise an aldehyde-modified regenerated oellutose. 

38. The process of daim 37 wherein said porous polymeric matrix comprises a polymer selected finom the group corv 
55 sisting of polysaccharides, polyacrylic adds, polymethacrylic adds, polyamlnes, polyimines. polyamldes. polyes- 
ters, polyethers. polynudeotides. polynudeicadds, pblypeptWes. proteins, pc^ (alkylene oxWes). polythioesters. 
{pdythk)ethers. polyvinyls, polymers comprising lipkis and derivatives of the above. 
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39. The process of daim 38 wherein said p<m)uspofyinericmato^ 

consisting of cellulose, cellulose derivatives, chitin. cartwxymethyl chitin. hyaluronic add. salts of hyaluronic add. 
alginate, alglnic add, propylene glycol alginate, glycogen, dextran. dextran sulfate, curdlan. pectin, pullulan, xan- 
than, chondroWn, chondroitin sulfates, cartxjxyniethyl dextran. cartxxxymethyl chltosan. heparin, heparin suffate, 
heparan, heparan sulfate, dermatan sulfate, keratin sulfate, carrageenans, chltosan. starch, annylose, amytopectin. 
pdy-N-glucosamine, polyniannuronic add. polyglucuronic add. pdygukironic add and derivatives of the above. 

40. The process of daim 39 wherein said porous polymeric n^atrix comprises sodium cartxwymethyl cellutose, wherein 
the wei^t ratio of said sodium cartxucymethyl celhjiose to said (atone is from about 1 .-99 to about 20:80. 

41 . The process of daim 35 further comprising an effecth/e amount of a hemostatic agent admixed with said solution. 

42. A method of providing hemostasis to a wound, comprising: 

applying to a wound a hemostatic wound dressing, comprising: 

a fabric, said fabric comprising a first wound-contacting surface and a second surface opposing said 
wound-contacting surface, said fabric comprising fibers and having flexibility, strength and porosity effec- 
tive for use as a hemostat. said fibers comprising a biocompatible, aldehyde-rrKXlified polysaccharide; and 
a porous, polymeric matrix applied to said wound-contacting surface and dispersed at least partially 
through said fabric, said porous, polymeric matrix comprising a biocompatibte. water-soluble or water- 
sweHable polymer. 

wherein said wound dressing is hemostatic. 

43. The method of daim 42 wheroin said aldehyde-modified polysaccharide is selected from the group consisting of 
ceUutose, ceHulose derivatives, chitin. carboxymethyi chitin, hyaluronic add, salts of hyaluronic add, alginate, al- 
ginic add. propylene glycol alginate, glycogen, dextran, dextran sulfate, curdlan, pectin, pullulan. xanthan. chon- 
droitin, chondroitin sulfates, carboxymethyi dextran. cartKXxymethyl chltosan, heparin, heparin sulfate, heparan, 
heparan sulfate, dennatan sulfate, keratin sulfate, carrageenans, chltosan, starch, amytose. amyk>pectin, poly-N- 
gtucosamine. polymannuronic add. polyglucuronic add. polyguluronic add and derivatives of the above. 

44. Themethodofdalm43whereinsaldaldehyde-modifledpolysaccharidecompri8esananwuntofaldehydee^ 
to render the polysaccharide biodegradable. 

45. The method of daim 44 wherein saM aldehyde-modified polysaccaride comprises aldehyde-modified regenerated 
polysaccharide. 

46. The wound dressing of daim 45 virtierein said aldehyde-modified polysaccharide comprises aldehyde-modified 
regenerated cefiukise comprising repeating units of structure II. 
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x+y=10()% 



II 



wherein x plus y equals 100 percent, x ranges from about 95 to about 5 percent, and 
y ranges from about 5 to about 95 percent and R Is CHjOH. and R^ andRgareH. 

47. The method of daim 42 wherein said aldehyde-modified polysaccharide is essentially free of carboxyltc acid. 

48. The method of dalm 46 wherein said aldehyde-modified cellulose is essentially free of cariM»cylic acM. 
48. The method of daim 42 wherein said wound dressing further comprises a hemostatic agent 

50. Ihe method of dalm 49 wherein said hemostatic agent is selected from the group consisting prothrombin, thrombin, 
fibrinogen, fibrin, fibronedin. heparinase. Factor X/Xa. Fador VIIA^IIa. Factor IX/IXa, Factor Xl/XIa, FadOT Xll/ 
Xiia, tissue fador. batroxobin, ancrod, ecarin, von Willebrand Fader, collagen, elastin, albumin, gelatin, platelet 
surfece glycoproteins, vasopressin, vasopressin analogs, epinephrine, seledin. procoagulant venom, plasmino- 
gen activator Inhibitor, platelet activating agents and synthetic peptides having hemostatic activity and derivatives 
of the above. 

51. The method of daim 42 wherein said porous, polymeric matrix comprises a polymer selected from the group 
consisting of polysaccharides, polyacryllc adds, pdymethacrytic adds, potyamines, polyimines. polyamides. pol- 
yestere, potyethers. poiynudeotides, polynudeic adds, polypeptides, proteins, poly (alkylene oxides), poly- 
thioesters. potythioethers. polyvinyts, poiymers comprising lipids and derivath^es of the above. 
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FIG. 1 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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FIG. 6 
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FIG. 7 
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